INTRODUCTION
Studies (documented in publications) on the phytochemical composition of e.g. green tea infusions (Folium Camellia sinensis L.) allowed to explain pharmacologically differentiated -within infusions of different types of tea available in the market -profile of activity as well as their antioxidant properties [1] [2] [3] [4] [5] . The technology used in the green tea production process of hot water steam inactivation of polyphenol oxidase results in obtaining the infusion composition similar to the composition of phytochemicals contained in fresh leaves. The above process prevents enzymatic oxidation of catechins and, above all, the condensation of simple polyphenols, which are responsible for the characteristic color and taste of black tea infusion [6] [7] [8] [9] .
The green tea infusion contains, among others: catechins 30-32% (at principally EGCG -11%, EC -10%, ECG -2% and EGC -2%), hydrocarbons 15%, methylxanthines 7-9%, including caffeine 3.5%, tannin 4-6%, theogallin 2-3%, quinic acid 2%, mineral compounds 10% which supplemented with procyanidins and depsides (esters of two or more phenolic acids), determine its therapeutic properties [1] . solubility in water and extraction media of diversified polarity (ε M ) on the basis of general HildebrandScatchard-Fedors theory of solubility [21] [22] [23] [24] [25] [26] .
This enables to estimate the content of phytochemicals in the therapeutically suggested dose which can be significantly increased by micellar and hydrotropic solubilization in the produced extract of green tea leaves (Ext. Camellia sinensis L. aqu. siccum) [27] .
Calculation -on the basis of selected thermodynamic parameters (∆H f allow, by means of the correlation with partition coefficient (log P), the determination of the predicted mechanism of phytochemical penetration through lipid layer of the physiological phase boundary, i.e. the process of mass exchange on phase boundary.
The calculated with QSAR methods [28] [29] [30] [31] [32] [33] [34] numerical values of the partition coefficient of phytochemicals in the form of a logarithm (log P), supplemented by the estimated actual solubility S |real.| , are an application indication for the inclusion into the prescription of the designed formulations containing dry green tea extract (Camellia sinensis L. aqu. siccum) and the appropriate types of solubilizers (micellar or hydrotropic) that will significantly improve the bioavailability of phytochemicals.
Moreover, the obtained results allow for optimal selection of the extraction system of compatible polarity (ε M ) for the class of phytochemicals which will enable selective isolation of chemical individual (structural) or a class of phytochemicals from plant raw material [35] [36] [37] .
MATERIAL AND METHODS
Dry aqueous extract from green tea leaves -Ext. Camellia sinensis L. folium aqu. siccum (100% native) was obtained from Europlant Group -Phytopharm Klęka S.A., Poland.
Solubility of phytochemicals in the extraction medium of diversified polarity -ε M
Currently, due to the applicative aspect, the general Hildebrand-Scatchard-Fedors theory of solubility deserves special attention [26] . It allows to calculate the predicted actual solubility in the form of molar fraction logarithm (-log x 2 ) on the basis of determined melting temperature of the phytochemical (T m =273. 15 where: M p -molar ratio of the polar part in the phytochemical molecule, M -its molecular weight (in g/mol).
In the alternative method proposed by Davies [39] , the HLB of the organic structure is calculated from the dependence:
where: W h(+) and W l(-) -mean proportion of hydrophilic h (+) and lipophilic l (-) groups in the structure of the phytochemical. The estimated polarity of the extraction medium -(ε M ) of the water/ethanol system and its solubility parameter -δ 1/2 allowed to calculate the predicted solubility of phytochemicals contained in Ext. Camellia sinensis L. aqu. siccum by Hildebrand-Scatchard method in the form of molar fraction (-log x 2 ). The calculated values (-log x 2 ) for the investigated structures of the derivatives of: xanthine, catechins, polyphenols and flavonoids are demonstrated in table 2. It results from the course of this correlation for xanthine derivatives (caffeine, theobromine, theofiklin) -figure 1 -that with the increase of ethanol concentration in the extraction medium the numerical value ε M decreases, whereas their solubility increases significantly.
RESULTS AND DISCUSSION
However, in the case of catechins -figure 2, catechins and polyphenols -figure 3 and flavonoids -figure 4, the increase of ethanol concentration in the extraction system by more than 50% (ε M =49.92) results in dramatic drop in solubility which is reflected in the numerical value (-log x 2 ) -table 2.
The course of the correlations between (-log x 2 ) in the function of dielectric constant of the extraction system (ε M ) at p=0.05 is described by correlation equations presented in table 3. They reflect the solubility preferences of phytostructures contained in Ext. Camellia sinensis L. aqu. siccum, the concentration of which in pharmaceutical and cosmetic formulations produced on the basis of dry extract determines the therapeutic and cosmetic efficacy.
The partition coefficient (log P), predicted actual solubility (-log S |real.| ) and the level of hydrophiliclipophilic balance (HLB) of phytochemicals, secondary metabolites contained in Ext. Camellia sinensis L. aqu. siccum collected from databases [40, 41] and demonstrated in tab. 4 partition coefficients of the phytochemicals expressed in the form of log P:
point to their preferences in the process of mass exchange on phase boundary. It results from the available literature that at the values 0 <log P <3 the process of mass exchange -penetration can be optimal, but with increasing lipophilic properties log P> 3 (weak The course of the correlation between -log x 2 of xanthine derivatives (caffeine, theobromine, theophylline) and the dielectric constant ε M of the system of solvents: water-ethanol
Figure 2.
The course of the correlation between -log x 2 of catechins and the dielectric constant ε M of the system of solvents: water-ethanol The course of the correlation between -log x 2 of the phytochemicals of the type of catechins and polyphenols and the dielectric constant ε M of the system of solvents: water-ethanol The course of the correlation between -log x 2 of flavonoids (1 -iso-quercetin, 2 -myricetin, 3 -kaempferol, 4 -quercetin) and the dielectric constant ε M of the system of solvents: water-ethanol solubility in water) the above mentioned process can be made difficult if through the micellar solubilization there does not come to the increase of physiological solubility in the balance system. Table 4 also includes the calculated predicted solubility of phytochemicals S |real.| (mol/dm 3 , SI) as well as its logarithmic form -log S |real.| .
It allows to trace within classes of phytochemicals contained in the Ext. Camellia sinensis L. aqu. siccum the correlation between the calculated predicted actual solubility (-log S |real.| ) and the partition coefficient log P; log P = f (-log S |real.| ) specified in two independent notification systems ALOGPS and Chem Axon, fig. 5 and 6.
The course of the dependence between solubility HLB Requ. , structural HLB D and partition coefficient (log P) was investigated. The course of the correlation (log P) = (-log S |real.| ) - figure 7 and log P = f (HLB Requ. , HLB D ) at p=0.05 is described by correlation equations, which are presented in table 5.
CONCLUSIONS
1. The general Hildebrand-Scatchard theory of solubility supplemented by Fedors' solubility parameter -δ 1/2 was used for calculating the predicted solubility by -log x 2 (logarithm of the molar fraction) of phytochemicals, secondary metabolites contained in Ext. Camellia sinensis L. aqu. siccum. The relation between (-log x 2 ) and polarity of the extraction medium ε M ; (-log x 2 ) = f (ε M ) described by correlation equations allows applicative optimal choice of water/ethanol mixture for selective separation of proper class of phytochemicals from raw material. , SI) allowed to assess their capacity of the process of mass exchange on phase boundary (diffusion) by tracing the correlation between the partition coefficient (log P), tab. 4, and their applicative parameter (-log S |real.| ) and log P = f (-log S |real.| ). Taking into account alternative numerical values of log P calculated using ALOGPS and Correlation between log P (ALOGPS) and the value -log S |sol.| Table 5 .
Correlation equations describing dependence between log P and calculated solubility of phytochemicals (-log S Chem. Axon software, the above correlation was described by correlation equations, which with appropriate for them correlation coefficient (r) allow for their use for the real estimation of the partition coefficient (P, log P) -in vitro (in vivo).
4.
The calculated values of hydrophilic-lipophilic balance HLB Requ. and its structural alternative HLB D were also correlated with the partition coefficient (log P); log P = f (HLB Requ. , HLB D ) -to estimate prospectively -within the preformulation studies, the capability of secondary metabolites for cascade kinetics of mass exchange on phase boundary. It results from the correlation equations presented in table 5 that chemical structure of phytochemicals contained in Ext. Camellia sinensis L. aqu. siccum may be the sufficient basis for initial estimation of the partition coefficient (log P) and may also point to the preferences of the selected structures in the Correlation between log P (Chem Axon System) and the value -log S |sol.|
Figure 7.
Correlation between log P (Chem Axon System) and the structural value HLB D in the notification of Davies method process of mass exchange on phase boundary in vivo.
